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To assess the value of lead VJ( during exercise testing
for predicting proximal stenosis of the right coronary
artery, 107 patients were studied. In all patients, a Bruce
exercise test with the simultaneous recording of leads I,
II, VJ(, V11 V4 and V6 was followed by coronary an-
giography. Apart from registering ST segment changes
in the conventional leads, all patients were classified ac-
cording to absence or presence of an ST segment devia-
tion of 1 mm or greater in lead V4R. Seventy-nine of the
107 patients were studied because of inadequate control
of angina pectoris. Seven patients had had myocardial
infarction before 40 years of age. Twenty-one patients
were analyzed because of severe cardiac arrhythmias.
In the 46 patients who had a previous myocardial in-
farction, the infarct location was inferior in 28 and an-
terior in 18.
Seven of the 14 patients without myocardial infarc-
In 1950, Master (l) popularized the two-step exercise test.
In 1957, Bruce and Homsten (2) introduced high perform-
ance treadmill exercise testing for the detection and eval-
uation of coronary artery disease. In the last decade, several
reports (3,4) showed that the value of the exercise test can
be improved by adding the analysis of other variables to the
electrocardiographic changes observed during exercise. Fur-
ther improvement in the value of electrocardiographic de-
tection of ischemia can be achieved by using multiple
electrocardiographic leads (5).
The presence of ST segment elevation in lead V4R in
acute inferior wall myocardial infarction has been shown to
be a sensitive and specific sign of right ventricular involve-
ment (6-10). ST segment elevation in V4R is almost ex-
clusively seen during obstruction of the right coronary artery
proximal to the first branch to the right ventricle (11). The
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tion and significant proximal stenosis in the right coro-
nary artery showed an ST segment deviation of 1 mm
or greater in lead V4R during exercise. This was also
observed in 11 of 18 patients with an old inferior wall
infarction and proximal occlusion of the right coronary
artery. None of the 53 patients without significant prox-
imal stenosis in the right coronary artery showed ex-
ercise-related ST segment changes in lead V4R.
Exercise-related ST segment deviation in lead V4R
had a sensitivity of 56%, a specificity of 96% and a
predictive accuracy of 84% in recognizing proximal ste-
nosis in the right coronary artery. These Observations
indicate that the recording of lead VJ( is of value for
predicting or excluding proximal stenosis in the right
coronary artery.
(J Am Coli CardioI1985;5:1308-11)
purpose of this study was to assess the value of changes in
lead V4R during exercise stress testing to predict proximal
stenosis in the right coronary artery.
Methods
Study patients. One hundred seven consecutive patients
admitted for coronary angiography were studied. In 79 pa-
tients, chest pain with inadequate reaction to antianginal
medication was present. Seven patients were younger than
40 years of age and had had myocardial infarction. Twenty-
one patients were analyzed because of severe rhythm dis-
turbances. There were 18 women and 89 men; their age
ranged between 27 and 72 years (mean 54 ± 10). All
patients with chest pain were receiving long-acting nitro-
glycerine, a calcium channel blocking agent or a beta-re-
ceptor blocking agent. No patient had signs of Wolff-Par-
kinson-White syndrome, left ventricularhypertrophyor bundle
branch block. Forty-six patients had had previous myo-
cardial infarction.
Exercise testing. None of the patients had evidence of
impending or healing myocardial infarction or an acute gen-
eral illness. Six electrocardiographic leads (I, II, V4R, V"
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V4 and V6) were recorded simultaneously. Lead V4R was
placed on the right chest wall in the midclavicular line in
the fifth intercostal space. The armelectrodes were applied
in the far lateral aspects of the infraclavicular fossae, and
a standard electrocardiogram was recorded at rest in the
recumbent and standing positions and interpreted for con-
traindications before starting exercise. At the end of each
3 minute exercise stage, the six electrocardiographic leads
were recorded and every minute thereafter for at least 10
minutes or until the resolution of any exercise-induced
abnormalities.
The treadmill protocol of Bruce and Homsten (2) was
used, and patients were allowed to touch the front handrail
but not to lean or pull on it. Exercise was stopped because
of fatigue, shortness of breath, leg discomfort or chest pain
with or without ST segment depression of 2 mm or greater.
Achieving the maximal predicted heart rate according to age
was not a sufficient reason to stop exercising.
An ST-T abnormality suggestive of ischemia was defined
as ST-T depression of at least 1 mm and lasting at least 80
ms after the J point. In patients with ST segment deviation
in the electrocardiogram at rest, an additional 1 mm of ST-
T depression was required. In lead V4R, the same criteria
were used, but ST segment elevation of more than I mm
lasting at least 80 ms after the J point was also noted. The
test was considered negative if there was no ST segment
deviation of 1 mm or greater. Exercise tests were judged
independently by two cardiologists and disagreement was
resolved by consensus.
Coronary angiography. All patients had selective coro-
nary angiography by the Judkins technique (12) within I
week after the performance of the exercise test. The coro-
nary arteries were viewed and filmed in multiple and an-
gulated projections. Angiograms were independently inter-
preted by two cardiologists who were unaware of the results
of the exercise test. Disagreement in judgement was re-
solved by consensus. A stenosis of more than 50% was
considered to be significant. It was also noted if a stenosis
in the right coronary artery was located above or below the
first branch to the right ventricle.
Thirty-two patients had narrowing of more than 50% in
the right coronary artery proximal to the first branch to the
right ventricle. Of these patients with significant proximal
stenosis of the right coronary artery, 18 had had prior in-
ferior wall myocardial infarction. Twenty-two patients had
a significant stenosis distal to the first branch to the right
ventricle, 7 of whom had had a prior inferior wall myo-
cardial infarction.
Single vessel disease of the right coronary artery was
found in 13 patients. Ten patients had a significant stenosis
proximal to the first branch to the right ventricle. Of these
13 patients, 10 had prior inferior wall infarction: 2 with
occlusion distal to first branch to the right ventricle and 8
with a occlusion proximal to this branch. In 6 of these 10
patients, ST segment elevation in lead V4R was seen.
Correlation between the conventional exercise
electrocardiographic and catheterization data. In the group
of patients with single vessel disease and previous myo-
cardial infarction, a negative exercise test was considered
to be true negative. In the group of patients with previous
myocardial infarction and double or triple vessel disease, a
positive test was considered to be true positive if significant
stenosis was present in a coronary artery other than the
infarct vessel.
A true positive exercise test was found in 35 patients, a
false negative test was seen in 22 patients and a true negative
test was found in 49 patients. One patient had a false positive
exercise test. Therefore, on the basis of observations of the
conventional electrocardiographic leads during exercise in
all 107 patients, the sensitivity of ST segment depression
of I mm or greater for predicting significant stenosis is 60%
and the predictive accuracy is 79%.
Correlation between lead V~ and catheterization data
(Table 1). Significant stenosis was present in the right coro-
nary artery in 54 patients. Thirty-two patients had proximal
stenosis of whom 18 had had previous inferior wall myo-
cardial infarction. In this group of 18 patients with previous
Table 1. Relation Between ST Segment Deviation in Lead V4R
and Coronary Angiography
Results
Exercise electrocardiogram. In 36 patients, an ST seg-
ment depression of 1 mm or greater was seen in one of the
conventional leads I, II, V I, V4 or V6. Eighty-six patients
had no ST segment elevation or depression of more than 1
mm in lead V4R. In 17 patients, ST segment elevation of
more than 1 mm in lead V4R was found. In four patients,
there was significant ST depression in lead V4R.
Catheterization data. Thirty-four patients had normal
coronary arteries; 22 patients had single vessel disease, 16
of whom had had previous myocardial infarction. Twenty-
five patients had double vessel disease and 26 patients had
triple vessel disease.
Proximal right coronary artery stenosis
(n = 14) without prior inferior
myocardial infarction
Distal right coronary artery stenosis
(n = 15) without prior inferior
myocardial infarction
Proximal right coronary artery stenosis
(n = 18) with prior inferior
myocardial infarction
Distal right coronary artery stenosis (n = 7)
with prior inferior myocardial infarction
Single vessel disease of the proximal right
coronary artery (n = 10)
No diseased right coronary artery (n = 53)
Abnormal Normal
Lead V,.R Lead V4R
7 7
14
11 7
2 5
6 4
0 53
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inferior wall myocardial infarction caused by an occlusion
proximal to the first branch of the right ventricle, 11 showed
ST segment deviation of I mm or greater in lead V4R. In
7 of 14patients with proximal obstruction in the right coro-
nary artery without inferior myocardial infarction, ST seg-
ment deviation of 1 mm or greater was present in lead V4R.
In 22 patients, a distal obstruction was present in the
right coronary artery, 7 of whom had had previous inferior
myocardial infarction and 2 of whom had ST segment el-
evation of I mm or greater in lead V4R. Only I patient in
the group of 15 patients without previous inferior myocardial
infarction and significant stenosis distal to the first branch
to the right ventricle showed ST segment elevation of I mm
or greater in lead V4R. None of the 53 patients without
significant stenosis in the right coronary artery showed ST
segment deviation of 1 mm or greater in lead V4R.
If we calculate the sensitivity, specificity and predictive
accuracy of ST segment elevation/depression in lead V4R,
we obtain a sensitivity of 56%, a specificity of 96% and a
predictive accuracy of 84%.
Additional value of lead V4R in predicting coronary
artery disease. In three patients with coronary artery dis-
ease and no ST segment elevation in the conventional leads,
there was ST segment elevation of 1 mm or greater in lead
V4R. Two of these patients had proximal stenosis in the
right coronary artery; the third patient had double vessel
disease with distal stenosis in the right coronary artery.
Discussion
Although the 107 exercise tests were performed in a
group of patients without discontinuation of antianginal
treatment, including 21 with severe rhythm disturbances,
results of sensitivity and predictive accuracy of recognition
of coronary heart disease using conventional electrocardio-
graphic leads are comparable with results of other investi-
gations (13). The specificity of diagnosing ischemic cardiac
disease was very high (84%). In our group of 107 patients,
18 were women; 8 had a true negative exercise test, 4 a
false negative exercise test and 6 a true positive exercise
test. We have no explanation for the absence of false positive
exercise test in these patients.
Role of ST deviation in lead V4R as a sign of right
ventricular ischemia. To accept ST segment deviation of
I mm or greater in lead V4R in patients with previous myo-
cardial infarction as true positive is a point of discussion.
In the group of 18 patients with previous inferior wall myo-
cardial infarction caused by proximal occlusion of the right
coronary artery, 11 showed ST segment deviation. These
patients' tests were considered as being true positive, but it
is also possible that they are false positive because definite
proof of ischemia of the right ventricle is difficult or im-
possible to obtain with our present methods of investigation.
In 1979, Berger et al. (14) showed that right ventricular
function during exercise is not primarily dependent on the
presence or absence of ischemia caused by an obstruction
in the proximal right coronary artery. This indicates that
measuring the ejection fraction of the right ventricle during
exercise is not helpful. The use of thallium scintigraphy to
evaluate the value of lead V4R in detecting ischemia of the
right ventricle is also of limited value because the right
ventricle is shown in only a low percent of the redistribution
studies. Therefore, stress scintigraphy is not of help in dem-
onstrating ischemia of the right ventricle.
ST deviation in lead V4R in inferior myocardial in-
farction. There are several explanations for the elevation
of the ST segment in lead V4R in patients having inferior
wall myocardial infarction with right ventricular infarction.
Is the elevation caused by involvement of the posterior part
of the septum or by ischemia of the free wall of the right
ventricle? It is of importance that none of the patients with
a normal right coronary artery had ST segment deviation in
lead V4R. We conclude, therefore, that ST segment devia-
tion in lead V4R is not caused by reciprocal ST segment
changes from perfusion abnormalities in the posterior wall.
Identification of proximal right coronary artery ste-
nosis. Twenty-one of our patients showed ST deviation of
1 mm or greater in lead V4R. This was found in 7 of the
14 patients with significant stenosis in the right coronary
artery proximal to the first branch to the right ventricle in
the absence of previous inferior wall myocardial infarction.
It was also present in 11 of 18 patients with previous inferior
myocardial infarction with proximal occlusion in the right
coronary artery. These data show that lead V4R is of help
in identifying patients with proximal stenosis in the right
coronary artery with or without previous inferior myocardial
infarction.
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